a2 United States Patent

Hara

US009411248B2

10) Patent No.: US 9,411,248 B2
(45) Date of Patent: *Aug. 9, 2016

(54)

(71)
(72)
(73)

")

@
(22)

(65)

(60)

(30)

EXPOSURE APPARATUS AND DEVICE
FABRICATION METHOD

Applicant: NIKON CORPORATION, Tokyo (IP)
Inventor: Hideaki Hara, Kumagaya (JP)
Assignee:  NIKON CORPORATION, Tokyo (IP)

Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by O days.

This patent is subject to a terminal dis-
claimer.

Appl. No.: 14/699,185
Filed: Apr. 29, 2015

Prior Publication Data

US 2015/0234292 Al Aug. 20, 2015

Related U.S. Application Data

Division of application No. 13/789,308, filed on Mar.
7, 2013, now Pat. No. 9,046,790, which is a
continuation of application No. 12/382,229, filed on
Mar. 11, 2009, now Pat. No. 8,411,248, which is a
division of application No. 10/593,802, filed as
application No. PCT/JP2005/005254 on Mar. 23,
2005, now Pat. No. 8,111,373.

Foreign Application Priority Data

Mar. 25,2004 (JP) .eoioieiiiiiiciee 2004-089348

(1)

(52)

Int. CI.
GO3F 7/20 (2006.01)
GO3B 27/42 (2006.01)
USS. CL
CPC ... GO3F 7/70341 (2013.01); GO3B 27/42
(2013.01); GO3F 7/709 (2013.01); GO3F
7/70325 (2013.01); GO3F 7/2041 (2013.01)

(58) Field of Classification Search
CPC ... GO3F 7/709; GO3F 7/2041; GO3F 7/70325;
GO3F 7/70341; GO3B 27/42
USPC coovvveveciercen 355/30, 52, 53, 55,72, 77
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

3,648,587 A 3/1972 Stevens
4,346,164 A 8/1982 Tabarelli et al.

(Continued)

FOREIGN PATENT DOCUMENTS

CN 1573571 A 2/2005
DE 221 563 Al 4/1985
(Continued)
OTHER PUBLICATIONS

Aug. 22, 2008 Office Action in Chinese Application No.
200480009673.8 (with translation).

(Continued)

Primary Examiner — Toan Ton
Assistant Examiner — Mona M Sanei
(74) Attorney, Agent, or Firm — Oliff PLC

(57) ABSTRACT

A liquid immersion exposure apparatus includes a projection
system having a last optical element, a first member having a
liquid supply port, a second member having a liquid recovery
port, and a driving system which electromagnetically moves
the first member, the second member, or both of the first and
second members. A substrate is moved below and relative to
the last optical element, the first member and the second
member. A liquid supply from the liquid supply port and a
liquid recovery from the liquid recovery port are performed to
form a liquid immersion area on a portion of an upper surface
of'the substrate. The substrate is exposed with a beam through
liquid in the liquid immersion area.

61 Claims, 6 Drawing Sheets
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